
Tumor microenvironment analysis in NSCLC
(Non-small cell lung cancer) using InnoQuant scanner

Introduction

In the field of cancer research, many advancements have been made over the last decade through 
studies of the tumor microenvironment. Tumor sample tissues are characterised by a significant 
spatial heterogeneity associated with biological complexity.
Multiplexed immunofluorescence (IF) staining plays a crucial role allowing simultaneous 
visualization of multiple biomarkers to identify cell types, understand biological pathways and map 
complex cellular interactions within the tumor microenvironment.

Although several technologies have emerged in recent years, researchers and clinicians working 
in biomarker discovery and diagnostic areas still face some bottlenecks: 1) the use of tissue 
microarrays techniques can be limited by tumor heterogeneity and 2) newer high-plex spatial biology 
technologies can be cost-prohibitive.

Innopsys has developed InnoQuant, a fluorescence whole-slide scanner with a unique optical-design 
optimized to facilitate high content data generation and analysis.
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Figure 1: Full image of  NSCLC tissue section stained with mIHC and 
scanned with InnoQuant. ROI for subsequent analysis is highlighted in 
yellow.
Cryosection thickness: 5 µm. Cryosection total area: 97 mm².
4 fluorescence channels scan time: 10 minutes. ROI area: 2 mm².
mIHC staining pattern showing in blue nuclei (DAPI), in green PD-L1 
(FITC), in yellow CD8 (AF594) and in red GranzymeB (Cy5).

Non–small cell lung cancer  (NSCLC) accounts for 
approximately 85% of all lung cancers. Use of therapeutic 
agents targeted to specific molecular features of the tumor 
has become standard practice. Therefore, investigating 
tumor tissue samples to characterize  the presence of 
immune cells and immune checkpoints is helpful to target 
the appropriate therapy for individual patient treatment.

Multiplex  immunohistochemistry (mIHC) enables 
simultaneous staining of multiple immune markers on a 
single tissue section.

The following immuneprofiling  panel  was used to study 
immune infiltration in cancer tissue:

- PD-L1 is an immune checkpoint marker,  shown to be 
expressed on myeloid cells and  proposed as potential 
target in cancer immunotherapy. PD-L1 is also expressed 
on tumor cells
- Granzyme B (GrB) is  one of the serine protease 
granzymes most found in the granules of natural killer 
cells (NK cells) and cytotoxic T cells
- CD8 is a marker for cytotoxic T-cells

This panel was applied to  NSCLC using Cell Signaling 
Technology mIHC antibodies conjugated with fluorescent 
dyes as follows: FITC PD-L1, AF594 CD8, Cy5 GrB.
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Characterisation of Natural Killers (NK) cells clusters
NK cells are identified through the expression of the granzyme B marker labeled with Cy5, depicted in cyan hereafter. 
Cy5 signal was generated with a 640 nm excitation wavelength, and its emission was collected with a 680/42 BP filter. 

QuPath was used as the image analysis software. The tumor areas were detected by pixel intensity with a threshold 
of 2200. The NK cells were segmented using deep learning. Clusters  of NK cells were identified using the Delauney 
clusters features 2D, with a distance threshold set to 100 µm.

Figure 2: ROI and details of the NK cells clusters located in the microenvironment of the tumor cells area. 
Tumor cells area is outlined in yellow. NK cells are displayed in cyan. Image acquired with InnoQuant. Analysis performed with 
QuPath.

The area between 3 NK cells (µm²) is defined as the 
area of the triangle bounded by 3 neighbor cells. 
The distance to the nearest border of the tumor area 
(µm) represents the distance between the centroid 
of a NK cell to the nearest border of the tumor cells 
area. If the distance is positive, the NK cell is located 
outside of the tumor cells area. If the distance is 
negative, the NK cell is located inside the tumor cells 
area. 

The analysis of the area between 3 neighbor NK cells 
at various distances from the tumor cells area shows 
that the closer the cells are to the tumor, the greater 
their density. This suggests that NK cells are more 
likely to create clusters close to the tumor area. 
Interestingly, the analysis of the distribution of NK 
cells at varying distances from the edge of the tumor 
reveals that a density gradient forms on either side 
of the edge of the tumor area, with most NK cells 
located within 12 µm of the tumor zone.

Figure 4: Number of cells distributed close to the tumor cells area, classified in 
different distance ranges.

Figure 3:  NK cells density plotted against their proximity to the tumor cells area.



Characterisation of CD8+ T cells clusters
T cells are identified through the expression of the CD8 marker labeled with AF594, depicted in magenta hereafter. 
AF594 signal was generated with a 561 nm excitation wavelength, its emission was collected with a 593/40 BP filter. 

QuPath was used as the image analysis software. The tumor areas were detected by pixel intensity with a threshold 
of 2200. The CD8+ T cells were segmented using deep learning. Clusters   of CD8+ T cells were identified using the 
Delauney clusters features 2D, with a distance threshold set to 100 µm. 

Figure 5: ROI and details of the CD8+ T cells clusters located in the tumor microenvironment. 
Tumor cells area is outlined in yellow. CD8+ T cells are displayed in magenta. Image acquired with InnoQuant. Analysis performed 
with QuPath. 

The area between 3 CD8+ T cells (µm²) is defined as the 
area of the triangle bounded by 3 neighbor cells. 
The distance to the nearest border of the tumor area (µm) 
represents the distance between the centroid of a CD8+ 
T cell to the nearest border of the tumor cells area. If the 
distance is positive, the CD8+ T cell is located outside of 
the tumor cells area. If the distance is negative, the CD8+ 
T cell is located inside the tumor cells area. 

The analysis of the area between 3 neighbor CD8+ T cells 
at various distances from the tumor cells area shows 
that the closer the cells are to the tumor, the greater their 
density. This suggests that CD8+ T cells are more likely to 
create clusters close to the tumor area. 
Interestingly, the analysis of the distribution of the CD8+ 
T cells at varying distances from the edge of the tumor 
reveals that a density gradient forms on either side of the 
edge of the tumor area, with most CD8+ T cells located 
within 12 µm of the tumor zone.

Figure 6:  CD8+ T cells density plotted against their proximity to the 
tumor cells area.

Figure 7: Number of cells distributed close to the tumor cells area, 
classified in different distance ranges.

The NK cells and the CD8+ T cells seem to both have the same behavior towards the cancer cells. This in-depth study 
based on whole-slide imaging with InnoQuant helps to understand the distribution of immune cells in a NSCLC tissue 
sample, resulting in a better characterization of the tumor microenvironment.
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Conclusion
The identification of different immune cell-type clusters and the analysis of  their proximity to the nearest border of 
tumor cells area have been carried out using whole tissue images combined with image analysis protocol using deep 
learning tools.

In this case-study, we demonstrate that whole-slide  images from  InnoQuant enables the generation of relevant 
data in a third-part analysis software. The image quality allows measurements such as cell counting and proximity 
analysis to better understand a patient's specific pathophysiology. These spatial and quantitative data might be used 
for further prediction of therapeutic response in the field of immuno-oncology.

InnoQuant Intuitive Workflow to shorten time to image

User benefits with InnoQuant
♦ Simultaneous detection of 4 fluorescence signals
 no time/no spatial distorsion

♦ Whole slide laser line scanning
 no shading correction required
 avoid processing biais on raw data

♦ 16-bit dynamic range
 best suited for quantitative analysis

♦ Inherent hardware calibration
 reliable and reproducible results

♦ 24-slide capacity autoloader
 increased throughput

♦ Streamlined user interface
 efficient and easy operation

Extend your analysis possibilities
InnoQuant delivers image files with a non-proprietary image format (multi-resolution TIFF) that opens up a world of 
possibilities for subsequent image analysis.
Non-exhaustive list of applications and third-part softwares operating with InnoQuant images:

INSERT 
Samples

RUN 
Scan

GET 
Images

Mouse kidney IF*

*Mouse kidney IF section (Nuclei: SYTOX Orange, Blood vessels: wheat germ agglutinin, AF488 & Nervous system: TUJ1 Antibody, AF633) at pixel size 0.5 µm, scale bar: 1000 µm

InnoQuant technical specifications

INNOPSYS - Parc d’Activités Activestre 31390 Carbonne France  - Phone: +33 561 971 974 - contact@innopsys.fr
INNOPSYS INC - 965 W Chicago Ave. IL 60642 Chicago USA - Phone + 1 312 806 8535 - contact@innopsys.com

References
https://emedicine.medscape.com/
https://www.cancer.org/
Bankhead, P. et al. QuPath: Open source software for digital pathology image analysis. Scientific Reports (2017). https://doi.org/10.1038/s41598-017-17204-5.
Dong H, Zhu G, Tamada K, Chen L (December 1999). «B7-H1, a third member of the B7 family, co-stimulates T-cell proliferation and interleukin-10 secretion». Nature Medicine. 5 (12): 1365–
1369. doi:10.1038/70932. PMID 10581077. S2CID 21397460.
 Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB, et al. (August 2002). «Tumor-associated B7-H1 promotes T-cell apoptosis: a potential mechanism of immune evasion». Nature Medi-
cine. 8 (8): 793–800. doi:10.1038/nm730. PMID 12091876. S2CID 27694471.
 Curiel TJ, Wei S, Dong H, Alvarez X, Cheng P, Mottram P, et al. (May 2003). «Blockade of B7-H1 improves myeloid dendritic cell-mediated antitumor immunity». Nature Medicine. 9 (5): 562–
567. doi:10.1038/nm863. PMID 12704383. S2CID 12499214.

Application Note

SET 
Parameters


